Glutamate, an excitatory amino acid, is knownto induce neurotoxicity in central nervous system under abnormal conditions such as ischemia, hypoglycemia, epilepsy, Huntington's chorea, Parkinson's disease and Alzheimer's disease. In our search for neuroprotective agents of microbial origin against excitatory neurotoxins, we have isolated two new bicyclohexapeptides, neuroprotectins A and B, together with a known compound complestatin, from the fermentation broth of Streptomyces sp. Q27107.
Neuroprotectins protected primary cultured chick telencephalic neurons from glutamate-and kainate-induced excitotoxicities in a dose-dependant fashion.
Excitatory amino acids are knownto induce considerable neurotoxicity in central nervous system under abnormal conditions. It has been demonstrated that the glutamatergic system was involved in the development of neuronal cell death followed by a variety of traumas including ischemia, hypoglycemia and epilepsy1'2) and certain neurodegenerative diseases such as Huntington's chorea, Parkinson's disease, Alzheimer's disease and AIDS neuropathology3~6).
The glutamatergic system is classified as two main categories depending on the agonist preference of the postsynaptic receptor system. AT-Methyl-D-aspartate (NMDA) is one major ionotropic receptor, whereas the other comprises kainate and a-ammo-3-hydroxy-5-methylisoxasol-4-propionic acid (AMPA) receptors. Although the mechanisms leading to nerve cell death are largely unknown, there is an overwhelming amount of literature on the importance of calcium level in cells which is elevated by the activation of NMDA receptors. It has also been known that the AMPA/kainate receptor induces the Ca2+ influx directly through the Ca2+ permeable receptors and mediates part of the excitotoxicity in the central nervous system (CNS). Kainate is a powerful neurotoxin that produces selective neuronal damage in CNS and is employed as a tool to destroy postsynaptic elements in brain with preserving presynaptic structures7 The flow rate was 0.8 ml per minute and the UVabsorption' of the eluate was monitored at 220 nm.
Culture of Chick Telencephalic Neuron
Dissociated telencephalic neurons were prepared from brains of 5 day-old-chick embryos according to the method of Taguchi18). The telencephalic regions of chick embryos were dissected out in Ca2+ and Mg2+-free phosphate buffer saline (pH 7.4) supplemented with 10mMglucose. The removed tissues were treated with 0.0125% trypsin in the samemediumfor 30 minutes at 37°C. The tissues were then rinsed and saturated with 2-fold diluted Eagle's minimum essential medium supplemented with 10 mMglucose, 2 mM glutamine, 2mMCaCl2, 25mMHEPES, 60mM NaCl, 1 mM sddium pyruvate, 50nM Na2Se03, 0.1 mMcholine-Cl, 0.1 mMinositol, 5 /ig/ml insulin, 20 /ig/ml ovotransferin, 20^m
progesterone, 100units/ml penicillin and O.lmg/ml streptomycin. The tissues were then dissociated in one ml of the same medium added with 0.2mg DNase I. The dissociated neurons were adjusted at a density of 5X105 cells and plated in a volume of200ji\ per each well of48-well microplates. These neurons were then cultured at 37°C in 5% CO2 and in saturated humidity.
Neuroprotective Activity
After five days of culture, excitotoxicants and/or neuroprotectins were added into the culture medium.
Neuroprotective activity was determined by the neuronal viability estimated by the MTT method at one day for kainate and two days for glutamate after initiation of exposure to glutamate/neuroprotectins or kainate/ neuroprotectins.
MTT tetrazolium salt (0.7mg/ml) was added to neurons grown in 48-well microplates followed by incubation for 4hours at 37°C in 5% CO2and in saturated 
Results and Discussion
Ferm entati on A loopful of the producing strain from a mature slant culture was inoculated into a 500ml Erlenmeyer flask containing 100ml of sterile seed mediumconsisting of soluble starch 1%, glucose 2%, soybean meal 2.5%, beef extract 0.1%, yeast extract 0.4%, NaCl 0.2%, K2HPO4 0.025% and CaCO3 0.2% (adjusted to pH 7.2 before sterilization) and cultured on a rotary shaker (150 rpm) at 28°C for 2 days. For the production of neuroprotectins, the seed culture was transferred in 3 ml volume into one-liter Erlenmeyer flasks containing 200 ml of the above medium Addition of MeOH to one of the concentrated fractions gave complestatin. The other fraction was purified by ODS column chromatography in citrate buffer (50mM, pH 6.0) with ,increasing amounts of acetonitrile. The active fraction DEC. 2001 was further purified by a column of MCIgel eluting with MeOH,followed by Sephadex LH-20 column chromatography to afford neuroprotectins A and B. The acetone extract of mycelial cake also provided complestatin. The myceliumwas extracted with 70%acetone and the extract was concentrated under reduced pressure for elimination of the acetone. The resulting solution was adjusted to pH 4 and then partitioned between EtOAc and water. The EtOAc layer was chromatographed on a silica gel column and the eluate was concentrated to give complestatin by addition of MeOH.
Physico-chemical Properties
We have isolated neuroprotectins together with complestatin, which was reported as an anti-complement and anti-HIV substance. The physico-chemical properties 216 (53000) 284 (sh.)
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312 (6400) 346 (5000) NMRspectral data. Bathochromic shifts in the UVspectra of these two compoundsby the addition of alkali suggested the presence of phenolic hydroxyl functional groups in their molecules. IR absorptions at 3360-3380 and 1660cm"1 implied the presence of hydroxyl and/or amide NHand amide carbonyl functions, respectively. The molecular formulae and IR spectra suggested that these compounds belong to a peptide class of antibiotics and are structurally related to complestatin15) and chloropeptin16). Chick telencephalic cell cultures were exposed continuously to 400/xm kainate alone or in the presence of indicated doses of compounds. Neuronal viability was analyzed after exposure for 24hours to kainate by the MTT assay Symbols indicate neuroprotectin A (aef), B (å ), complestatin (A) and DNQX (à").
Biological Activities
The biological activity of neuroprotectins to protect neuronal cells from excitotoxicity /was estimated by observing primary cultured chick telencephalic neurons upon treatment of excitatory neurotoxins. Exposure of 400 jjm kainate in dissociated cell culture of chick telencephalic neurons resulted in neuronal cell death within 24hours.
Kainate-induced neuronal degeneration, however, was completely blocked by the addition of 0.5/iM neuroprotectins in a dose-dependent fashion as shown in Fig. 3 Treatment with 20mM glutamate of neuronal culture caused neuronal cell death. The glutamate neurotoxicity was completely inhibited by the addition of neuroprotectins into culture in a dose-dependent fashion with ED50values of about 0.44^m as shown in Fig. 4 . It has been known that glutamate toxicity occurs through either the activation of glutamatergic receptors (receptor-mediated pathway) and the inhibition of cystine uptake giving rise to the inability to maintain intracellular glutathione levels (oxidative pathway). In assessment by measuring inhibition effect on Chick telencephalic cell cultures were exposed continuously to 20mM glutamate alone or in the presence of indicated doses of the compounds. 
